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(Received 23 August 2012; accepted 15 October 2012; published online xx xx xxxx) 12 We report on an experimental and simulation campaign aimed at exploring the radiation response 13 of nanoporous Au (np-Au) foams. We find different defect accumulation behavior by varying 14 radiation dose-rate in ion-irradiated np-Au foams. Stacking fault tetrahedra are formed when 15 np-Au foams are irradiated at high dose-rate, but they do not seem to be formed in np-Au at low 16 dose-rate irradiation. A model is proposed to explain the dose-rate dependent defect accumulation 17 based on these results. V C 2012 American Institute of Physics. [http://dx.doi.org/10.1063/1.4764528] 18 Radiation effects in nuclear materials are a limiting fac-19 tor in the development of advanced fission reactors and 20 fusion/fusion-fission hybrid concepts as well as spacecraft 21 systems. In nuclear reactors, materials are exposed to harsh 22 environments of intense neutron flux and high radiation dam-23 age that cause materials degradation and failure. 1 In deep 24 space and long-term missions, exposure to high radiation 25 flux is a critical constraint in space systems design.
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The search of radiation tolerant materials focuses nowa-27 days on the properties of interfaces as recombination sites 28 for interstitials, vacancies, and transmutations debris. As 29 interfaces naturally provide these recombination sites, mate-30 rials research has focused on microstructures with high inter-31 face content. Interfaces have been shown to act as sinks for 32 radiation-induced defects leading to a reduction in radiation 33 hardening, and an alleviation of He bubble nucleation and 34 growth. [4] [5] [6] Two large families of such materials can readily 35 be mentioned, those having a large amount of nanoscale pre- 36 cipitates, such as the nanostructured ferritic alloys (NFA) 7 37 (or the oxide dispersed strengthened materials (ODS) 8 ), with 38 ultrahigh density of Y-Ti-O rich nano-features, 9 and the mul-39 tilayered nano-composites. 10 We focus here on a third alter-40 native not studied so far, namely, nanoporous materials. 41 Since the key to perfect radiation endurance is perfect recov-42 ery, and since surface are perfect sinks for defects, a porous 43 material with a high surface-to-volume ratio has the potential 44 to be extremely radiation tolerant.
45
In nanoporous materials, high surface area is provided 46 by the open sponge-like 3D-structure of interconnected liga-47 ments. A fundamental understanding of the radiation toler-48 ance of high surface density nanoporous materials is lacking. 49 TEM micrographs of (a) asprepared np-Au and ion-irradiated np-Au foams irradiated at dose-rates of (b) 7 Â 10 À5 dpa/s, (c) 3.5 Â 10 À4 dpa/s, and (d) 3.5 Â 10 À3 dpa/s. (e) Ligament size as a function of ion dose rate and ion flux at room temperature irradiation. 130 irradiation, while retaining the foam structure. The figure sug-131 gests that radiation coarsening does not seem to depend on 132 dose-rate. The comparison also shows that the ligament in the 133 as-prepared np-Au foams ( Fig. 1(a) ) has fewer features than 134 those observed in the ion-irradiated samples (Figs. 1(b)-1(d) Fig. 3(a) shows the magnified HRTEM image labeled by 150 region 1 in Fig. 2(d) . The defects with triangle shape are con-151 firmed to be SFT by tilting the specimen under TEM. The cor-152 responding fast Fourier transform (FFT) (Fig. 3(b) 210 therefore conclude that melting of the smaller ligaments and 211 little damage on the larger ligaments could be at the origin of 212 the coarsening shown in Fig. 1(e) . Another possible contribu-213 tion to coarsening of np-Au foams could be radiation induced 214 Au surface migration, an effect also enhanced by the local 215 temperature rise expected after each cascade. 
